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DNA SEQUENCES, RECOMBINANT DNA MOLECULES AND 
PROCESSES FOR PRODUCING PI -LINKED LYMPHOCYTE 
FUNCTION ASSOCIATED ANT I GEN- 3 

5 This invention relates to DNA sequences, 

recombinant DNA molecules and processes for producing 
Lymphocyte Function Associated Antigen-3 (PI -Linked 
form of LFA-3). More particularly, the invention 
relates to DNA sequences that are characterized in 

10 that they code on expression in an approptiate uni- 
cellular host for a soluble Pi-linked form of LFA-3 or 
derivatives thereof that bind to CD 2 , the receptor 
on the surface of T-lymphocytes . In accordance with 
this invention, unicellular hosts transformed with 

15 these DNA sequences and recombinant DNA molecules 

containing them may also be employed to produce LFA-3 
essentially free of other proteins of human origin. 
This novel antigen may then be used in the therapeutic 
and diagnostic compositions and methods of this 

20 invention. 



BACKGROUND OF THE INVENTION 

T- lymphocytes play a major role in the 
immune response by interacting with target and antigen 
presenting cells. For example, the T-lymphocyte 
25 mediated killing of target cells is a multi-step 

process involving adhesion of a cytolytic T-lymphocyte 
to a target cell. And, helper T-lymphocytes initiate 
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the immune response by adhesion to antigen-presenting 
cells* 

These interactions of T- lymphocytes with 
target and antigen-presenting cells are highly 

5 specific and depend on the recognition of an antigen 
on the target or antigen-presenting cell by one of 
the many specific antigen receptors on the surface 
of the T-lymphocyte. 

The receptor- antigen interaction of 

10 T- lymphocytes and other cells is also facilitated by 
various T-lymphocyte surface proteins, e.g., the 
antigen receptor complex CD3(T3) and accessory mole- 
cules CD4, LFA-1, CD8, and CD2. It is also dependent 
on accessory molecules, such as LFA-3, ICAM-1 and 

15 MHC that are expressed on the surface of the target 
or antigen-presenting cells. In fact, it is hypothe- 
sized that the accessory molecules on the T- lympho- 
cytes and on the target or antigen-presenting cells 
interact with each other to mediate intercellular 

20 adhesion. Accordingly, these accessory molecules 

are thought to enhance the efficiency of lymphocyte- 
antigen-presenting cell and lymphocyte-target cell 
interactions and to be important in leukocyte-endo- 
thelial cell interactions and lymphocyte 

25 recirculation. 

For example, recent studies have suggested 
that there is a specific interaction between CD2 (a 
T-lymphocyte accessory molecule) and LFA-3 (a target 
cell accessory molecule) that mediates T-lymphocyte 

30 adhesion to the target cell. This adhesion is essen- 
tial to the initiation of the T-lymphocyte functional 
response (M. L. Dustin et al., "Purified Lymphocyte 
Function-Associated Antigen-3 Binds To CD2 And 
Mediates T Lymphocyte Adhesion," J. Exp. Med. , 165, 

35 pp. 677-92 (1987); Springer et al., "The Lymphocyte 
Function-Associated LFA-1, CD2, and LFA-3 Molecules: 
Cell Adhesion Receptors Of The Immune System" , Ann. 
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Rev . Immunol . , 5, pp. 223-52 (1987)). And, mono- 
clonal antibodies to either LFA-3 or CD2 have been 
shown to inhibit a spectrum of cytolytic T lympho- 
cyte and helper T lymphocyte dependent responses 
5 (F. Sanchez-Madrid et al., "Three Distinct Antigens 
Associated With Human T-Lymphocyte-Mediated 
Cytolysis: LFA-1, LFA-2 , And LFA-3", Proc. Natl. 
Acad. Sci. USA , 79, pp. 7489-93 (1982)). 

LFA-3 is found on antigen-presenting cells, 

10 and target cells, specifically on monocytes, granulo- 
cytes, CTL's, B-lymphoblastbid cells, smooth muscle 
cells, vascular endothelial cells, and fibroblasts 
(Springer et al., supra). LFA-3 exists as two 
distinct cell surface forms (Dustin et al., "Anchoring 

15 Mechanisms For LFA-3 Cell Adhesion Glycoprotein At 
Membrane Surface", Nature , 329, pp. 846-848 (1987)). 
These forms differ mainly by their mechanism of 
attachment to lipid bilayers of biological membranes. 
One such anchoring mechanism is via a stretch of 

20 hydrophobic amino acids, also referred to as a 
transmembrane domain, which penetrates the lipid 
bilayers. cDNA encoding this form of LFA-3, also 
referred to as an integrated membrane form, has been 
cloned and sequenced (B. Wallner et al., J. Exp. Med. , 

25 166, pp. 923-32 (1987)). 

Alternatively, LFA-3 has been reported 
to insert into the membrane of B-lymphoblastoid cells 
via a phosphatidylinositol ("PI" ) -containing glyco- 
lipid covalently attached to the C-terminus of the 

30 protein (Dustin et al., supra). Membrane insertion 
of this type was deduced by observing the presence 
of protein after adding to the cell surface 
Phosphoinositol specific Phospholipase C. This enzyme 
releases only the Pi-linked form of proteins. It 

35 does not affect the integrated membrane form. Thus, 
the release of LFA-3 in the presence of this enzyme 
suggests that LFA-3 has a Pl-linked form. 
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The Pl-linked form of LFA-3 is believed to 
be derived from alternative RNA splicing of a gene 
transcript. It appears to be selectively expressed 
in different cell types, and during different stages 
5 of development than the transmembrane form of LFA-3 .. 

It would be desirable to obtain large 
amounts of a recombinant Pl-linked form of LFA-3, 
than would be available from purification from 
natural sources, e.g. lymphoblastoid cells. More 
10 . desirable would be to obtain large amounts of solu- 
ble LFA-3 from a Pl-linked form of LFA-3. 

. SUMMARY OF THE INVENTION 

This invention solves these problems. One 
aspect of this invention is the production of a 

15 recombinant Pl-linked form of LFA-3. Another aspect 
of this invention is the production of soluble LFA-3 
from a Pl-linked form of LFA-3. The latter embodiment 
is accomplished by expressing DNA sequences encoding 
a Pl-linked form of LFA-3 in cell lines deficient in 

20 a Pl-linkage attachment mechanism. A still further 

aspect of this invention is the process of producing a 
soluble LFA-3 derived from a Pl-linked form of LFA-3. 
This embodiment is accomplished by removing those 
portions of the DNA sequence encoding the hydrophobic 

25 transmembrane region of the Pl-linked form of LFA-3. 

This invention accomplishes each of these . 
goals by providing DNA sequences coding on expression 
in an appropriate unicellular host for a Pl-linked 
form of LFA-3 or derivatives thereof. 

30 This invention also provides recombinant 

DNA molecules containing those DNA sequences and 
unicellular hosts transformed with them. Those hosts 
permit the production of large quantities of the 
Pl-linked form of LFA-3, and its derivatives, of this 

35 invention for use in a wide variety of therapeutic 
and diagnostic compositions and methods. 



-5- 



The DNA sequences of this invention are 
selected from the group consisting of: 

(a) the DNA sequence of the DNA insert carried 
in phage AP24; and 
5 (b) DNA sequences which code on expression for 

a polypeptide coded for on expression by 
the foregoing DNA sequence. 
The DNA sequences of this invention are 
also selected from derivatives of the DNA insert 
10 carried in phage AP24 produced by removing those 

portions of the DNA sequence encoding the hydrophobic 
transmembrane region of the Pi-linked form of LFA-3. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 depicts the amino acid sequences 
15 of the N-terminal and various peptide fragments of 
human LFA-3, purified from human erythrocytes using 
immunoaffinity chromatography. 

Figure 2 depicts two pools of chemically 
synthesized oligonucleotide DNA probes derived from 
20 the amino acid sequence of a human LFA-3 purified 
from human erythrocytes. 

Figure 3 depicts the DNA sequence of the 
DNA insert carried in phage \P24 and the amino acid 
sequence deduced therefrom. 
25 Figure 4 depicts the relevant portions of 

sequencing plasmid pNNOl. 

Figure 5 depicts the nucleotide sequence 
of probes LF-10, LF-11, NN-A, NN-B, NN-C, and NN-D. 

Figure 6 depicts a comparison of the DNA 
30 insert carried in phage \P24 (and the deduced amino 
acid sequence) and the DNA insert carried in phage 
AHT16 (and the deduced amino acid sequence), which 
codes for an integrated membrane form of LFA-3. 
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DETAILED DESCRIPTION OF THE INVENTION . 

We isolated the DNA sequences of this 
invention from a \gtlO cDNA library derived from 
peripheral blood lymphocytes. However, we could 
also have employed libraries prepared from other 
cells that express a Pi-linked form of LFA-3. These 
include, for example, monocytes, granulocytes, CTL's, 
B-lymphoblastoid cells, smooth muscle cells, endo- 
thelial cells and fibroblasts . We also could have 
used a human genomic bank. 

For screening this library, we used a series 
of chemically synthesized anti-sense oligonucleotide 
DNA probes. We selected these probes from a con- 
sideration of the amino acid sequences of various 
fragments of LFA-3 that we determined using LFA-3 
purified from human erythrocytes. These fragments 
are . depicted in Figure 1. We selected amino acids 
from various areas that permitted the construction 
of oligonucleotide probes of minimal degeneracy. 

We prepared two pools of probes: LF1 and 
LF2-5-. These pools are depicted in Figure 2. LF1 
is a 32-fold degenerate 20-mer and LF2-5 is a 384-fold 
degenerate 20-mer. Because of the high degeneracy of 
this latter pool, we subdivided the pool into four 
subpools ~ LF2, LF3, LF4 and LF5 ~ of 96-fold 
degeneracy each. 

For screening, we hybridized our oligo- 
nucleotide probes to our cDNA libraries utilizing a 
plaque hybridization screening assay. We selected 
clone ~ P24 — hybridizing to one of our probes. 
And, after isolating and subcloning the cDNA insert 
of the selected clone, P24, into plasmids, we deter- 
mined its nucleotide sequence and deduced the amino 
acid sequence from those nucleotide sequences . 

We have depicted in Figure 3 the nucleotide 
sequence of the cDNA insert of phage \P24 and the 
amino acid sequence deduced therefrom. As shown in 
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Figure 3, this cDNA insert has an open reading frame 
of 720 bp (240 amino acids), a 17 bp 5' untranslated 
region and a 93 bp 3 1 untranslated region. Also 
present is a transmembrane domain, i.e., from 

5 N 662~ N 725* The 3 ' untranslated region of P24 contains 
a poly (A) adenylation site. The P24 cDNA codes for 
a 240 amino acid protein, including a 28 amino acid 
signal sequence. 

We have depicted in Figure 6 a comparison 
10 of the DNA sequences and deduced amino acid sequences 
of a membrane integrated form of LFA-3 (HT16) and 
the Pi-linked form of LFA-3 of this invention. From 
this comparison, it is apparent that the last 14 
amino acids (AA 20 g-AA 222 ) including a cytoplasmic 
15 domain at the C-terminus of the membrane integrated 
form of LFA-3 are replaced by 4 different amino acids 
in the Pi-linked form of LFA-3. 

The DNA sequences of this invention: 

(a) the DNA sequence of the DNA insert 
20 P24 carried in phage AJP24; and 

(b) DNA sequences which code on expres- 
sion for a polypeptide coded for on expression by 
the foregoing DNA sequence, 

e.g., the cDNA sequence depicted in Figure 3 and 
25 contained in deposited clone A.P24, may be used, as 
described below, in a variety of ways in accordance 
with this invention. 

The DNA sequences, portions of them, or 
synthetic or semi-synthetic copies of them, may be 
30 used as a starting material to prepare various muta- 
tions. Such mutations may be either silent, i.e., 
the mutation does not change the amino acid sequence 
encoded by the mutated codon, or non-silent, 
i.e., the mutation changes the amino acid sequence 
35 encoded by the mutated codon. Both types of 

mutations may be advantageous in producing or using 
the LFA-3 1 s of this invention. For example, these 



mutations may permit higher levels of production, 
easier purification, or production of secreted 
shortened or soluble forms of Pi-linked forms of 
LFA-3 , 

5 The DNA sequences of this invention are 

also useful for producing the Pi-linked forms of 
LFA-3, or its derivatives, coded on expression by 
them in unicellular hosts capable of attaching pro- 
teins by PI -linkage, e.g., CHO cells, transformed 

10 with those DNA sequences. Preferably, according to 
a second embodiment of this invention, these DNA 
sequences may be expressed in a cell line deficient 
in the Pi-linkage attachment mechanism, such as mouse 
L-cells, e.g., L-M (tk") cells. In this case the 

15 LFA-3 may be secreted into the medium in a soluble 
form. This secreted form of LFA-3 is approximately 
3 kd smaller than other forms of LFA-3 retained 
intracellularly in L-M (tk") cells or extracted from 
CHO cells. While not wishing to be bound by theory, 

20 we believe that the DNA sequences of the present 

invention produce and secrete a smaller soluble form 
of LFA-3 because a portion of the transmembrane region 
is cleaved before or after secretion by cells defi- 
cient in a PI -linkage attachment mechanism, and there- 

25 fore efficient attachment of the PI -linked form of 
LFA-3 to the cell surface is prevented. 

According to another embodiment of this 
invention DNA sequences encoding a Pi-linked form of 
LFA-3 may be modified as compared to that of Figure 3 

30 (amino acids -28 to 212) to remove from it portions 
that code for the hydrophobic transmembrane region, 
e.g., from about nucleotide 662 to 731, to allow 
production of soluble LFA-3 protein in any cell trans- 
formed with those modified sequences. 

35 As well known in the art, the DNA sequences 

of this invention are expressed by operatively linking 
them to an expression control sequence in an appro- 
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priate expression vector and employed in that expres- 
sion vector to transform an appropriate unicellular 
host. 

Such operative linking of a DNA sequence 
5 of this invention to an expression control sequence, 
of course, includes the provision of a translation 
start signal in the correct reading frame upstream 
of the DNA sequence. If the particular DNA sequence 
of this invention being expressed does not begin 

10 with a methionine, e.g., a mature Pi-linked form of 
LFA-3 which begins with a phenylalanine, the start 
signal will result in an additional amino acid — 
methionine — being located at the N-terminus of the 
product. While such methionyl-containing-product 

15 may be employed directly in the compositions and 
methods of this invention, it is usually more 
desirable to remove the methionine before use. 
Methods are available in the art to remove such 
N-terminal methionines from polypeptides expressed 

20 with them. For example, certain hosts and fermenta- 
tion conditions permit removal of substantially all 
of the N- terminal methionine in vivo . Other hosts 
require in vitro removal of the N-terminal methionine. 
However, such in vivo and in vitro methods are well 

25 known in the art. Furthermore, the LFA-3 f s of this 
invention may include amino acids in addition to the 
N-terminal methionine at the N-terminus. The LFA-3 
may be used with those amino acids or they may be 
cleaved with the N-terminal methionine before use. 

30 A wide variety of host/expression vector 

combinations may be employed in expressing the DNA 
sequences of this invention. Useful expression 
vectors, for example, may consist of segments of 
chromosomal, non-chromosomal and synthetic DNA 

35 sequences, such as various known derivatives of SV40 
and known bacterial plasmids, e.g., plasmids from 
E.coli including col El, pCRl, pBR322, pMB9 and their 
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derivatives, wider host range plasmids, e.g., RP4, 
phage DNAs, e.g., the numerous derivatives of phage A., 
e.g., NM989, and other DNA phages, e.g., M13 and 
Filamenteous single stranded DNA phages, yeast plas- 
5 mids such as the 2\x plasmid or derivatives thereof, 
vectors useful in eukaryotic cells, such as vectors 
useful in animal cells and vectors derived from combi- 
nations of plasmids and phage DNAs, such as plasmids 
which have been modified to employ phage DNA or other 
10 expression control sequences. In the preferred 

embodiments of this invention, we employ BG8, a pBR312- 
related vector [R. Cate et al., Cell , 45, pp. 685-98 
(1986)1. 

In addition, any of a wide variety of 

15 expression control sequences — sequences that con- 
trol the expression of a DNA sequence when opera- 
tively linked to it — are used in these vectors 
to express the DNA sequence of this invention. Such 
useful expression control sequences, include, for 

20 example, the early and late promoters of SV40 or the 
adenovirus, the lac system, the trp system, the TAC 
or TRC system, the major operator and promoter regions 
of phage K, the control regions of fd coat protein, 
the promoter for 3-phosphoglycerate kinase or other 

25 glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast a -mating 
factors , and other sequences known to control the 
expression of genes of prokaryotic or eukaryotic 
cells or their viruses, and various combinations 

30 thereof. For animal cell expression (e.g., L-M (tk") 
cells), we prefer to use an expression control 
sequence derived from the major late promoter of 
adenovirus 2. 

A wide variety of unicellular host cells 

35 are also useful in expressing the DNA sequences of 
this invention. These hosts may include well known 
eukaryotic and prokaryotic hosts, such as strains of 



E.coli , Pseudomonas , Bacillus , Streptomyces , fungi, 
such as yeasts, and animal cells, such as CHO and 
Rl.l, B-W and L-M cells, African green monkey cells, 
such as C0S1, C0S7, BSC1, BSC40, and BMT10, and human 
5 cells and plant cells in tissue culture. For expres- 
sion of a soluble form of LFA-3, an appropriate host 
cell is defective in the PI attachment of proteins. 
We prefer L-M (tk~) cells. 

It should of course be understood that not 

10 all vectors, expression control sequences and hosts 
will function equally well to express the DNA 
sequences of this invention. Neither will all hosts 
function equally well with the same expression system. • 
However, one of skill in the art may make a selection 

15 among these vectors, expression control sequences, 
and hosts without undue experimentation and without 
departing from the scope of this invention. For 
example, in selecting a vector, the host must be 
considered because the vector must replicate in it. 

20 The vector's copy number, the ability to control 
that copy number, and the expression of any other 
proteins encoded by the vector, such as antibiotic 
markers, should also be considered. 

In selecting an expression control sequence, 

25 a variety of factors should also be considered. 

These include, for example, the relative strength of 
the system, its controllability, and its compatibility 
with the particular DNA sequence, of this invention, 
particularly as regards potential secondary struc- 

30 tures. Unicellular hosts should be selected by 

consideration of their compatibility with the chosen 
vector, the toxicity of the product coded on expres- 
sion by the DNA sequences of this invention to them, 
their secretion characteristics, their ability to 

35 fold proteins correctly, their fermentation require- 
ments, and the ease of purification of the products 
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coded on expression by the DNA sequences of this 
invention* 

Within these parameters one of skill in 
the art may select various vector/expression control 
5 system/host combinations that will express the DNA 
sequences of this invention on fermentation or in 
large scale animal culture, e.g., mouse cells or 
CHO cells. 

The polypeptides produced on expression of 

10 the DNA sequences of this invention may be isolated 
from the fermentation or animal . cell cultures and 
purified in a variety of ways well known in the art. 
Such isolation and purification techniques depend on 
a variety of factors, such as how the product is 

15 produced, whether or not it is soluble or insoluble, 
and whether or not it is secreted from the cell or 
must be isolated by breaking the cell. One of skill 
in the art, however, may select the most appropriate 
isolation and purification techniques without 

20 departing from the scope of this invention. 

The polypeptides of this invention are 
useful in compositions and methods to block or to 
augment the immune responses. For example, they are 
active in inhibiting cytolytic T-lymphocyte activity 

25 by interfering with T-cell interaction with target 
cells. They have a similar blocking or augmenting 
effect on the immune response because they interfere 
with the interaction of helper T-cell s and target 
cells. Furthermore, the compounds of this invention 

30 may be used to target specific T cells for lysis and 
immune suppression or to deliver drugs, such as 
lymphokines, to the specifically targeted T-cells. 
More preferably, soluble derivatives of the polypep- 
tides of this invention may be employed to saturate 

35 the CD2 sites of T-lymphocytes thus inhibiting T-cell 
activation. This is plainly of great utility in 
graft- vs-host disease, in autoimmune diseases, e.g., 
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rheumatoid arthritis, and in preventing allograft 
rejection. Furthermore, the polypeptides of this 
invention are preferred over monoclonal antibodies 
to a Pi-linked form of LFA-3 or CD2 because the poly- 
5 peptides of this invention are less likely to elicit 
immune responses in humans than are antibodies raised 
in species other than humans. The therapeutic composi- 
tions of this invention typically comprise an immuno- 
suppressant or enhancement effective amount of such 

10 polypeptide and a pharmaceutically acceptable carrier. 
The therapeutic methods of this invention comprise 
the steps of treating patients in a pharmaceutically 
acceptable manner with those compositions. 

The compositions of this invention for use 

15 in these therapies may be in a variety of forms. 
These include, for example, solid, semi-solid and 
liquid dosage forms, such as tablets, pills, powders, 
liquid solutions or suspensions, liposomes, supposi- 
tories, injectable and inf usable solutions. The 

20 preferred form depends on the intended mode of 
administration and therapeutic application. The 
compositions also preferably include conventional 
pharmaceutically acceptable carriers and adjuvants 
which are known to those of skill in the art. 

25 Preferably, the compositions of the invention are in 
the form of a unit dose and will usually be adminis- 
tered to the patient one or more times a day. 

Generally, the pharmaceutical compositions 
of the present invention may be formulated and admin- 

30 istered using methods and compositions similar to 

those used for other pharmaceutically important poly- 
peptides (e.g., alpha- interferon) . Thus, the poly- 
peptides may be stored in lyophilized form, 
reconstituted with sterile water just prior to admin- 

35 istration, and administered by the usual routes of 
administration such as parenteral, subcutaneous, 
intravenous or intralesional routes. 
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The polypeptides of this invention or anti- 
bodies against them are also useful in diagnostic 
compositions and methods to detect T-cell subsets or 
CD2+ cells or to monitor the course of diseases 
5 characterized by excess or depleted T-cells, such as 
autoimmune diseases, graft versus host diseases and 
allograft rejection. Still further, the polypeptides 
of this invention may be used to screen for inhibitors 
of LFA-3 mediated adhesion useful for inhibiting 

10 activation of T lymphocytes or T lymphocyte mediated 
killing of target cells. Such screening techniques 
are well-known in the art. 

Finally, the polypeptides of this invention 
or antibodies against them are useful in separating 

15 B and T cells • For example, when bound to a solid 
support the polypeptides of this invention or anti- 
bodies to them will separate B and T cells. 

In order that this invention may be better 
understood, the following examples are set forth* 

20 These examples are for purposes of illustration only, 
and are not to be construed as limiting the scope of 
the invention in any manner. 

Synthesis Of Oligonucleotide Probes 

We obtained a sample of LFA-3 (Dana Farber 
25 Cancer Institute, Boston, Massachusetts) previously 
purified as described by M. Dustin et al., J. Exp. 
Med. , supra and sequenced as described by B. Wallner 
et al., supra . Next, we chemically synthesized two 
pools of anti-sense oligonucleotide DNA probes coding 
30 for regions from the amino terminal sequence of our 
sample of LFA-3 characterized by minimal nucleic 
acid degeneracy (see underscoring in Figure 1) on an 
Applied Biosystems 3 OA DNA synthesizer. For each 
selected amino acid sequence, we synthesized pools 
35 of probes complementary to all possible codons. We 
synthesized the probes anti- sense to enable hybrid- 
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ization of them to the corresponding sequences in 

DNA as well as in mRNA. We labelled our oligonucleo- 

32 

tide probes using [y- P]-ATP and polynucleotide 
kinase (Maxam and Gilbert, Proc. Natl. Acad. Sci. , 
5 74, p. 560 (1977)). 

As depicted in Figure 2, the oligonucleotide 
probe pool LF1 was a 20-mer with 32 -fold degeneracy. 
Probe pool LF2-5, was a 20-mer with 384- fold degen- 
eracy. However, to reduce its degeneracy, we synthe- 

10 sized this pool in four subpools of 96-fold degeneracy 
each by splitting the degenerate codon for Gly into 
one of its four possible nucleotides for each subpool. 
We then selected the subpool containing the correct 
sequence from the three pools containing incorrect 

15 sequences by hybridization of the individual subpools 
to Northern blots containing human tonsil mRNA, as 
described previously (Wallner et al., Nature , 320, 
pp. 77-81 (1986)). Oligonucleotide probe subpool LF2 
hybridized to a 1300 nucleotide transcript in human 

20 tonsil RNA, which suggested that it contained the 
correct sequence. Hence, we used it and pool LF1 
for screening our various libraries. 

Construction Of AgtlO Peripheral 
Blood Lymphocytes cDNA Library 

25 To prepare our Peripheral Blood Lymphocytes 

(PBL) DNA library, we processed PBL from leukophoresis 
#9 through one round of absorption to remove mono- 
cytes. We then stimulated the non-adherent cells 
with IFN-y 1000 U/ml and 10 pg/ml PHA for 24 h. We 

30 isolated RNA from these cells using phenol extraction 
(Maniatis et al., Molecular Cloning , p. 187 (Cold 
Spring Harbor Laboratory) (1982)) and prepared poly 
A + mRNA by one round of oligo dT cellulose chromatog- 
raphy. We ethanol precipitated the RNA, dried it in 

35 a speed vac and resuspended the RNA in 10 pi H 2 0 

(0.5 fjg/pl). We treated the RNA for 10 min at room 
temperature in CH~HgOH (5mM final concentration) and 
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p-mercaptoethanol (0.26 M). We then added the methyl 
mercury treated RNA to 0.1 M Tris-HCl (pH 8.3) at 
43 °C, 0.01 M Mg, 0.01 M DTT, 2 mM Vanadyl complex, 

5 ug oligo dT^-lS' 20 11111 KCl ' 1 11111 dCTP ' dGTP ' dTTP ' 
5 0.5 mM dATP, 2 uCi[a- 32 P]dATP and 30 U 1.5ul AMV 

reverse transcriptase (Seikagaku America) in a total 
volume of 50 jjI. We incubated the mixture for 3 min 
at room temperature and 3 h at 44 °C after which time 
we stopped the reaction by the addition of 2.5 ul of 
10 0.5 M EDTA. 

We extracted the reaction mixture with an 
equal volume of phenol : chloroform (1:1) and precipi- 
tated the aqueous layer two times with 0.2 volume of 
10 M NH 4 0Ac and 2.5 volumes EtOH and dried it under 

15 vacuum. The yield of cDNA was 1.5 ug. 

We synthesized the second strand according 
to the methods of Okayama and Berg ( Mol. Cell. Biol. , 
2, p. 161 (1982)) and Gubler and Hoffman ( Gene , 25, 
p. 263 (1983)), except that we used the DNA poly- 

20 merase I large fragment in the synthesis. 

We blunt ended the double-stranded cDNA by 
resuspending the DNA in 80 pi TA buffer (0.033 M Tris 
Acetate (pH 7.8); 0.066 M KAcetate; 0.01M MgAcetate; 
0.001M DTT; 50 ug/ml BSA), 5 ug RNase A, 4 units RNase 

25 H, 50 mM p NAD , 8 units E.coli ligase, 0.3125 mM 
dATP, dGTP, dGTP, and dTTP, 12 units T 4 polymerase 
and incubated the reaction mixture for 90 min at 
37 °C, added 1/20 volume of 0.5M EDTA, and extracted 
with phenol: chloroform. We chromatographed the 

30 aqueous layer on a G150 Sephadex column in 0.01M 
Tris-HCl (pH 7.5), 0.1 M NaCl, 0.001 M EDTA and 
collected the lead peak containing the double-stranded 
cDNA and ethanol precipitated it. Yield: 605 ug cDNA. 
We ligated the double- stranded cDNA to 

35 linker 35/36 

5 ' AATTCGAGCTCGAGCGCGGCCGC3 1 
3 1 GCTCGAGCTCGCGCCGGCG5 1 
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using standard procedures. We then size selected 
the cDNA for 800 bp and longer fragments on a S500 
Sephacryl column,, and ligated it to EcoR I digested 
AgtlO. We packaged aliquots of the ligation reaction 
5 in Gigapak (Strategene) according to the manufac- 
turer's protocol- We used the packaged phage to 
infect E.coli BNN102 cells and plated the cells for 
amplification. The resulting library contained 
1.125xl0 6 independent recombinants^ 

10 Screening Of The Libraries 

... We screened the PBL cDNA library prepared 
above with our labelled oligonucleotide probe LF1 
using the plaque hybridization screening technique 
of Benton and Davis ( Science , 196, p. 180 (1977)). 

15 We pelleted an overnight culture of BNN102 

cells in L broth and 0.2% maltose and resuspended it 
in an equal volume of SM buffer (50 mM Tris-HCl (pH 
7.5), 100 mM NaCl, 10 mM MgS0 4 , and 0.01% gelatin). 
Thereafter, we preabsorbed 9 ml of cells with 1.5xl0 6 

20 phage particles, at room temperature for 15 minutes and 
plated them on 30 LB Mg plates. 

After incubation at 37°C for 8 hours, we 
absorbed phages onto filters from the plates and 
lysed the filters by placing them onto a pool of 

25 0.5 N NaOH/1.5 M NaCl for 5 minutes, and then sub- 
merged them for 5 min in the same buffer. We neu- 
tralized the filters by submerging them in 0.5 M 
Tris-HCl (pH 7.4), 1.5 M NaCl, two times for 5 
minutes each, and rinsed them for 2 minutes in 1 M 

30 NH^OAc, air dried the filters, and baked them for 
2 hours at 80°C- 

We prehybridized and hybridized the filters 
to oligonucleotide probe LF1 in 0.2% polyvinylpyroli- 
done, 0.2% ficoll (MW 400,000), 0.2% bovine serum 

35 albumin, 0.05 M Tris-HCl (pH 7.5), 1 M sodium chlo- 
ride, 0.1% sodium pyrophosphate, 1% SDS, and 10% 
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dextran sulfate (MW 500,000). We detected the 
hybridizing A-cDNA sequences by autoradiography. 

We initially selected 26 positive phages 
from the PBL library and rescreened these clones and 5 
5 plaque purified them at lower density using the same 

probe . ; 

Sequencing Of The P24 cDNA Clone 

We characterized the cDNA from a clone, P24, 
screened above by DNA sequencing analysis. We sub- 

10 cloned the NotI digested DNA from clone \P24 into 
vector pNNOl to give p24 and to facilitate sequence 
analysis.* The entire insert of i\.P24 is contained 
on a single Not I fragment. For subcloning, we used 
the vector's EcoR I site or Sma l site employing tech- 

15 niques in common use. 

We determined the DNA sequences of our 
subclones largely by the method of Maxam and Gilbert 
( Meth. Enzymolocry , 65, pp. 499-560, (1980)). However, 
for some fragments, we used the related procedure of 

20 Church and Gilbert ( Proc. Natl. Acad. Sci. USA , 81, 
p. 1991 (1984)). The structure of pNNOl enables 
sequencing, by the Church-Gilbert approach, of the 
ends of an inserted fragment using Not I digestion 
and four 20-nucleotide long probes: NN-A, NN-B, 

25 NN-C and NN-D . See Figure 5 . 

Figure 3 shows the DNA sequence of the 
cDNA insert of phage A.P24. It also depicts the amino 
acid sequence deduced therefrom. 



30 * We constructed sequencing plasmid pNNOl by 

removing the synthetic polylinker of pUC8 by restric- 
tion digestion and replacing it with a new synthetic 
segment. The 2.5 kb backbone common to - the pUC plas- 
mids, which provides an origin of replication and 

35 confers ampicillin resistance, is unchanged. The 

novel synthetic portion of pNNOl is shown in Figure 4. 
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Determination Of Linkage 
Form Of LFA-3 From P24 cDNA 

We decided to characterize the linkage form 
of LFA-3 coded for by P24 cDNA. We choose the Rl.l 
5 cell line because it is known to express surface 
antigens that are attached to the membrane by a PI 
linkage . 

We incubated 5x10 cells of clones 
P24/R1.1, HT16/R1.1 (an Rl.l cell line transfected 

10 with cDNA coding for a membrane integrated form of 

LFA-3 (see, B. Wallner et al., supra ) ) and Rl.l cells 
with .5 pi of Phosphoinositol specific Phospholipase C 
(PIPLC) at 37 d C for 1 hour. It is known that PIPLC 
upon incubation releases PI -linked proteins from the 

15 cell surface, while it has no effect on proteins 
attached to the cell surface by other mechanisms 
such as membrane integrated proteins (M. Low, 
J. Biochem. , 244, p. 1 (1987)). 

We determined the amount of LFA-3 released 

20 from the cell surface of P24/R1.1 or HT16/R1.1 by 
the decrease of surface fluorescence assayed on 
FACS. We found that incubation of P24/R1.1 cells 
with PIPLC resulted in the release of 95% of surface 
LFA-3 while PIPLC did not have any effect on the 

25 fluorescence of Rl.l cells or HT16/R1.1 cells. This 
indicates that P24 cDNA codes for the Pl-linked form 
of LFA-3. 

Adhesion Of a Pl-linked form of LFA-3 
From P24/R1.1 To Other Cells 

30 We next tested whether a Pl-linked form of 

LFA-3 from P24 cDNA as expressed in Rl.l cells would 
mediate adherence of P24/R1.1 to other cells. We 
tested this by rosetting analysis with L-cells 

expressing CD2 cDNA (L114). We grew control L cells 

2 

35 and L114 (CD2 transfected) cells, in # a 9.6 cm well 
of a 6 well tissue culture plate at a cell density 
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of 3 x 10 5 cells per well. After washing the wells 

twice with Roswell Park Memorial Institute (RPMI 1060) 

medium to remove cell debris and dead cells, 1.5 x 
7 

10 P24/R1.1 or Rl.l cells as a control were added 5 
5 per well. Plates were spun at 400 rpm for 2 minutes 

in a Sorvall Centrifuge at 4°C. After the cells '- 
were incubated at 4°C for 2 hours, the wells were 
washed with RPMI 1060 medium to remove excess P24/R1.1 
or Rl.l cells. P24/R1.1 cells rosetted with the 

10 L114 cells as determined under the microscope. We 
observed rosetting of P24/R1.1 with L114 cells but 
not with the untransfected control cells. This 
rosetting could be inhibited with MAb to LFA-3 (TS2/9) 
or MAb to CD2 (TS2/18). This indicates that a PI- 

15 linked form of LFA-3 is expressed on cell surface of 
Rl.l cells in a conformation that allows interaction 
with recombinant CD2 expressed on mouse L-cells. 
P24/R1.1 cells or untransfected Rl.l cells do not 
rosette with untransfected mouse L-cells, indicating 

20 the specificity of these cellular interactions. 

Expression Of Pi-linked Form Of LFA-3 From 
P24 cDNA In CHO cells 

We inserted a Klenow blunt- ended Not I PI- 
linked form of LFA-3 cDNA fragment of p24 into a 
25 blunt-ended Sai l site of plasmid pJOD-s to give 
p JOD-?s-LFA3P24 . 

Vector pJOD-s has been deposited in the 
In Vitro International, Inc. Culture Collection, 
611 P. Hammonds Ferry Rd. , Linthicum, Maryland, 21090 
30 on July 22, 1988 and has been assigned accession 
number 10179. 

We next linearized pJ0D-s-LFA3P24 with J 
Pyul for transfection of CHO cells. We incubated 
10(jg of Pyul linearized DNA with 0.125 M CaCl 2 in TE '= 
35 and 1 x HEBS (137 mM NaCl, 5mM KC1, 0.0030 M Na 2 HP0 4 , 
.7 H 2 0, 6mM Dextrose, 20 mM Hepes (pH 7.1)) at room 
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.. temperature for 20 minutes* DNA was added to cells 
in alpha + -MEM medium and incubated at 37°C for 
4 hours. After removing the medium, cells were 
incubated at room temperature for 4 minutes in 
5 alpha -MEM + 10% glycerol. Cells were rinsed with 
medium and grown for 2 days in alpha + -MEM, then 
transferred to selective medium (alpha" -MEM) • 

We determined expression of a Pi-linked 
form of LFA-3 by FACS analysis. To analyze by FACS, 

10 1 x 10 cells per each P24-CH0 methotrexate clone and 
control CHO cells were removed from the tissue cul- 
ture dishes by incubation with Hank's BSS buffer, 
.5 M EDTA at 4°C for 15 minutes. The detached cells 
were then pelleted, resuspended in 50 pi of PBN buf- 

15 fer (1 x PBS, .5% BSA, .1% sodium azide) and incu- 
bated with 100 pi of MAb TS2/9 (1.2 mg/ml) (a gift 
of Tim Springer) on ice for 45 minutes. We next 
washed the cells two times with 1 ml PBN buffer and 
pelleted by centr if ligation. The cell pellets were 

20 resuspended in lOOpl of a 1:50 dilution of FCI 

(Fluorescein Conjugated Affinity Purified F (ab 1 ) 2 
Fragment Sheep Anti -Mouse IgG (Cappel, Biomedical, 
Pennsylvania)) in PBN buffer and incubated on ice 
for 30 minutes. Cells were pelleted by centrifuga- 

25 tion and excess FCI was removed by resuspending the 
cell pellets twice in 1 ml PBN buffer. We then 
resuspended the cells in 800 pi of 1 x PBS and deter- 
mined the fluorescence intensity on FACS. We ob- 
served five clones showed between 5 to 50 fold higher 

30 fluorescence than control CHO cells. 

Expression Of A PI -linked Form Of 
LFA-3 From P24 cDNA In Rl.l cells 

We used expression vector BG24 derived 
from expression vector BG312. BG24 was constructed 
35 by digesting plasmid p24 DNA with Not I and blunt-ended 
with Klenow. We next isolated a 860 bp Not I fragment 
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of p24 followed by ligation with an EcoR I linearized, 
blunt-ended expression vector BG368. BG368 was con- 
structed as follows* Animal expression vector pBG312 
(R. Cate et al., Cell , 45, pp. 685-98 (1986)) was 
5 digested with EcoR I and Bgl ll to delete one of each 
of the two EcoR I and the two Bgl ll restriction sites 
(the EcoR I site at position 0 and the Bgl ll site 
located at approximately position 900 ) . 

90 pg DNA of BG24 was linearized with Nrul, 

10 and cotransfected with 10 pg of Nrul linearized pTCF 
DNA (F. Grosveld et al*, Nucleic Acid Res. , 10, 
p. 6715 (1982)) and 300 pg sonicated salmon sperm 
DNA by DNA electroporation using a BIORAD (Richmond, 
California) gene pulse at 0.29 UV with capacitance 

15 set at 960 pFD. We selected for transfection Rl.l 

cells in RPMI 1060 medium + 1 mg/ml G418. We selected 
single clones after limiting dilutions to 10 cells 
per well in a 96 well dish in selective medium. 
Eight clones, resistant to G418, were assayed for a 

20 Pl-linked form of LFA-3 expression by FACS analysis as 
described above. All eight P24/R1.1 clones expressed 
Pl-linked form of LFA-3 at a level 10 to 1000 fold 
above Rl.l control cells. 

Expression Of A Pl-linked Form Of 
25 LFA-3 P24 cDNA In L Cells 

To express our P24 cDNA in mouse L. cells, 
we cotransfected 90 ng of plasmid BG24 DNA , as 
described above, that was linearized with Nru l with 
10m g plasmid pOPF DNA carrying a thymidine kinase 

30 gene (tk) (Grosveld et al., supra ) , linearized with 
Sea l into 1 x 10 7 L-M (tk") cells (C. P. Terhorst, 
J. Immun. , 131, p. 2032 (1983)) by electroporation 
as described above. We selected for trans fected 
cells by tk expression by growing them in DMEM + HAT 

35 at cell densities of 1 x 10 5 cells per 100 mm plate. 
Clones were picked and expanded to 5 x 10 5 cells per 
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100 mm dish to assay for expression of a Pi-linked 
form of LFA-3 by FACS analysis as desribed above. 
We observed some expression at levels above control 
cells, although 70% of the Pi-linked form of LFA-3 
5 was secreted into the medium as discussed below. 

Secretion Of LFA-3 
From P24/L Cells 

We further wanted to test whether P24/L 
cells secrete LFA-3 because this mouse L cell line — 

10 L-M(tk") — is known to be deficient in a PI linkage 
attachment mechanism. P24/L cells were metabolically 
labeled with 35 S-met and the 35 S-labelled PI -linked 
form of LFA-3 was precipitated from the medium with 
MAb TS2/9 (a gift of Tim Springer) as follows. 3 x 

15 10 5 P24/L, HT16/L (B. Wallner et al., supra ) or L(tk~) 

cells were plated in 1 well each of a 6 well cell 

culture plate, grown overnight in DMEM-HAT complete 

medium (DMEM + HAT + 10% FCS + glutamine). Wells 

were than rinsed with lx Minimal Essential Medium 

35 

20 Eagle (modified) methionine free (MEM). For S met 
labeling, we added 1.5 ml of MEM medium (methionine 
free), plus glutamine, 2.5% complete DMEM and 
225 |jCi S met (New England Nuclear, Delaware, 1135 
mCi/|jm) to each well and incubated at 37°C for 

25 18 hours. To 0.7 ml of medium 10 pi of MAb TS2/9 

coupled to agarose was added, and the mixture rocked 
at 4°C overnight. To each well we added 300 pi of 
DOC buffer (20 mM Tris (pH 7.3), 50mM sodium chloride, 
.5% dioxycholate, .5% Triton x 100), scraped the 

30 cells off the plates, transferred to Eppendorf tubes, 
vortexed and centrifuged for 15 minutes at room 
temperature. To 100 ul of the supernatant, 10 pi of 
MAb TS2/9 coupled to agarose was added and incubated 
overnight at 4°C with rocking. The TS2/9-agarose 

35 35 S-LFA-3 complex was pelleted by centrifuation, 
washed three times with 1 ml of DOC buffer, and 
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35 

resuspended in 50 pi SDS -loading buffer. S-LFA-3 

(Pi-linked form) was dissociated from TS2/9-agarose 

by heating the complex to 65 °C for 10 minutes. The 

TS2/9 agarose was precipitated by centrifugation and 

5 25 pi of the supernatant was electrophoresed on a 

reducing SDS-polyacrylamide gel. We observed precipi- 

35 

tation of the 55 kd S-labelled protein with.MAb 

TS2/9 only from the medium of P24/L cells and not 

from medium of L(tk-) control cells. 

10 We determined by SDS-PAGE that the 35 S- 

labeled LFA-3, secreted from P24/L cells is approxi- 

35 

mately 3 kd smaller than the S-labelled LFA-3 
retained intracellular ly in P24/L cells or HT16/L 
cells. This indicates that a portion or all of the 
15 hydrophobic potential transmembrane region is removed 
before secretion, which prevents the efficient inte- 
gration of a Pi-linked form of LFA-3 into the cell 
surface membrane. 

We deposited the following plasmid carrying 
20 a Pi-linked form of LFA-3 cDNA sequence of this inven- 
tion in the In Vitro International, Inc. Culture 
Collection in Linthicum, Maryland, on July 22, 1988: 

p24 

The plasmid has been assigned accession number 
25 IVI-10180. 

While we have herein before presented a 
number of embodiments of this invention, it is 
apparent that our basic construction can be altered 
to provide other embodiments which utilize the pro- 
30 cesses and compositions of this invention. There- 
fore, it will be appreciated that the scope of this 
invention is to be defined by the claims appended 
hereto rather than the specific embodiments which we 
have presented by way of example. 
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CLAIMS : 

1. A DNA sequence selected from the group 
consisting of: 

(a) the DNA sequence of the DNA 
insert carried in phage XP24; and 

(b) DNA sequences which code on 
expression for a polypeptide coded for on expression 
by the foregoing DNA sequence. 

2. A DNA sequence selected from the group 
consisting of a DNA sequence of the formula N 1 _ 830 

of Figure 3, a DNA sequence of the formula N 18 _ 830 
of Figure 3, a DNA sequence of the formula N ^o2-830 
of Figure 3 and DNA sequences that code on expression 
for a polypepdite coded for on expression by any of 
the above DNA sequences. 

3. A DNA sequence selected from the group 
consisting of a DNA sequence of the formula N 1-653 - 
N 738-830 of Fi 5 ure 3 ' a DNA se^ 1106 of tiie formula 
N 102-653~ N 738-830 of Fi< ^ re 3 ' a DNA sequence of the 
formula N 1 _ 662 -N 738 _ 830 of Figure 3, a DNA sequence 
of the formula N 102 _ 662 tN 738 _ 830 of Figure 3, a DNA 
sequence of the formula N i_63g~ N 73e-830 of F i9^ re 3 ' 

a DNA sequence of the formula N io2-638~ N 738-830 
of Figure 3, a DNA sequence of the formula 

N l-70l" N 738-830 of Fi 9 ure 3 ' a DNA sequence of the 
formula N 102 _ 701 -N 738 _ 830 of Figure 3, and DNA 
sequences that code on expression for a polypeptide 
coded for on expression by any of the above DNA 
sequences . 

4. A recombinant DNA molecule comprising 
a DNA sequence according to claim 1 or 2, said DNA 
sequence being operatively linked to an expression 
control sequence in said recombinant DNA molecule. 
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5. A recombinant DNA molecule comprising 
a DNA sequence of claim 3, said DNA sequence being 
operatively linked to an expression control sequence 
in said recombinant DNA molecule* . 

6. The recombinant DNA molecule according 
to claim 4 or 5, wherein said expression control 
sequence is selected from the group consisting of 
the early or late promoters of SV40 or adenovirus, 
the lac system, the trp system, the TAC system, the 
TRC system, the major operator and promoter regions 
of phage k, the control regions of fd coat protein, 
the promoter for 3-phosphoglycerate kinase or other 
glycolytic enzymes, the promoters of acid phosphatase 
and the promoters of the yeast a -mating factors. 

7. The recombinant DNA molecule according 
to claim 4, wherein the molecule is selected from 
the group consisting of pJ0D-s-LFA3P24 and BG24. 

8* A unicellular host transformed with a 
recombinant DNA molecule according to claim 4. 

9* A unicellular host transformed with a 
recombinant DNA molecule according to claim 4, 
characterized in that it is deficient in a Pi-linkage 
attachment mechanism. 

10. A unicellular host transformed with a 
recombinant DNA molecule according to claim 5. 

11. The host according to claim 8 or 10 
wherein said host is selected from the group con- 
sisting of strains of E.coli , Pseudomonas , Bacillus , 
Streptomyces , yeast, fungi, animal cells, plant cells 
and human cells in tissue culture. 



12. The unicellular host according to 
claim 11, wherein the animal cell is selected from 
the group consisting of CHO and Rl.l. 



13. The unicellular host according to 
claim 9, wherein the host is L-M(tk~). 

14. A method of producing a polypeptide 
comprising the steps of culturing a unicellular host 
according to claim 8. 

15. The method according to claim 14 
wherein the transformed host is selected from the 
group consisting of CHO(pJOD-s-LFA3P24) and 
R1.1(BG24). 

16. A method of producing a soluble poly- 
peptide comprising the step of culturing a unicellular 
host according to claim 9. 

17. A method of producing a soluble poly- 
peptide comprising the step of culturing a unicellular 
host according to claim 10. 

18. The method according to claim 16 
wherein the transformed host is selected from the 
group consisting of L-M(tk~) (BG24) and 

L-M( tk" ) (pJOD-s-LFA3P24 ) . 

19. A polypeptide coded on expression by 
a DNA sequence selected from the group consisting 
of the DNA sequences of claim 1 or 2, said polypep- 
tide being essentially free of other proteins of 
human origin. 

20. A pharmaceutical composition compris- 
ing an immunosuppressant or enhancement effective 
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amount of a polypeptide of claim 19 and a pharmaceuti- 
cal^ acceptable carrier. 

21. A method of treating patients compris- 
ing the step of treating them in a pharmaceutical^ 
acceptable manner with a composition of claim 20. 

22. A diagnostic composition to detect 
T-cell subsets, CD2+ cells or to monitor the course 
of diseases characterized by excess or depleted 
T-cells comprising a diagnostic effective amount of 
a polypeptide of claim 19 or an antibody thereto. 

23. A method of detecting T-cell subsets, 
CD2+ cells or for monitoring the course of diseases 
characterized by excess or depleted T-cells comprising 
the step of employing as a diagnostic a composition 

of claim 22. 

24. A means for detecting T-cell subsets, 
CD2+ cells or for monitoring the course of diseases 
characterized by excess or depleted T-cells comprising 
a composition of claim 23. 

25. A method of isolating an LFA-3 inhi- 
bitor said method comprising: 

(a) transfecting a cell line with p24, 

(b) conducting a binding assay with 
Jurkatt cells and said transfected cell line, and 

(c) selecting molecules that inhibit 
binding of Jurkatt cells to the cells of step (a). 
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LF-10 : cgtcgctcccagcaaccatggctcgtcggg 

LF-11 : catggaaagttacattcccatacacaacacc 

NN-A : gatcctcacatcccaatccg 

NN-B : tccaaccaccaatctcaaag 

NN_C : cggattgggatgtgaggatc 

NN-D : ctttgagattggtggttgga 
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Oligonucleotide Probe Pool LF1 ; 
20mer, 32 fold degenerate 

Corresponds to amino acid sequence: 

trp lys lys gin lys asp lys 
5' TGG AAA AAA CAG AAA GAC AAA 
G G A G T G 

Probe Sequence: 

3* ACC TTT TTT GTC TTT CTG TT 
C C T C A 

Oligonucleotide Probe Pool L F2-5: 

20raer 384 fold degenerate. Synthesized in four subpools 
of 96fold degeneracy. 

Correspond to amino acid sequence: 

gin gin ile tyr gly val val 
5' CAG CAG ATC TAC GGN GTN GTN 
A A T T 
A 

Probe Sequence: 

3' GTC GTC TAG ATG CCN CAN CA 
T T A A 
T 

LF2: 3' GTC GTC TAG ATG CCA CAN CA 

T T A A 
T 

LF3: 3' GTC GTC TAG ATG CCT CAN CA 

T T A A 
T 

LF4: 3* GTC GTC TAG ATG CCG CAN CA 

T T A A 
T 
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P24 AMINO ACID AND CDNA SEQUENCES 

1 GCGGCCGCCGACGAGCCATGGTTGCTGGGAGCGACGCGGGGCGGGCCCTG 50 

MetValAlaGlySerAspAlaGlyArgAlaLeu 

-M. 

51 GGGGTCCTCAGCGTGGTCTGCCTGCTGCACTGCTTTGGTTTCATCAGCTG 100 
GlyValLeuSerValValCysLeuLeuHisCysPheGlyPhelleSerCy 

101 TTTTTCCCAACAAATATATGGTGTTGTGTATGGGAATGTAACTTTCCATG 150 
sPheSerGlnGlnlleTyrGlyValValTyrGlyAsnValThrPheHisV 

1 . 

151 TACCAAGCAATGTGCCTTTAAAAGAGGTCCTATGGAAAAAACAAAAGGAT 200 
alProSerAsnValProLeuLysGluValLeuTrpLysLysGlnLysAsp 

2-P ... 
201 AAAGTTGCAGAACTGGAAAATTCTGAATTCAGAGCTTTCTCATCTTTTAA 250 
LysValAlaGluLeuGluAsnSerGluPheArgAlaPheSerSerPheLy 
. . • .55 

251 AAATAGGGTTTATTTAGACACTGTGTCAGGTAGCCTCACTATCTACAACT 300 
sAsnArgValTyrLeuAspThrValSerGlySerLeuThrlleTyrAsnL 

301 TAACATCATCAGATGAAGATGAGTATGAAATGGAATCGCCAAATATTACT 350 
euThrSerSerAspGluABpGluTyrGluMetGluSerProAsnlleThr 

351 GATACCATGAAGTTCTTTCTTTATGTGCTTGAGTCTCTTCCATCTCCCAC 400 
AspThrMetLysPhePheLeuTyrValLeuGluSerLeuProSerProTh^ 

4 01 ACTAACTTGTGCATTGACTAATGGAAGCATf GAAGTCCAATGCATGATAC 450 
rLeuThrCysAlaLeuThrAsnGlySerlleGluValGlnCysMetlleP 

451 CAGAGCATTACAACAGCCATCGAGGACTTATAATGTACTCATGGGATTGT 500 
roGluHisTyrAsnSerHisArgGlyLeuIleMetTyrSerTrpAspCys 

501 CCTATGGAGCAATGTAAACGTAACTCAACCAGTATATATTTTAAGATGGA. 550 
ProMetGluGlnCysLysArgAsnSerThrSerlleTyrPheLysMetGl o 

551 AAATGATCTTCCACAAAAAATACAGTGTACTCTTAGCAATCCATTATTTA 600 
uAsnAspLeuProGlnLysIleGlnCysThrLeuSerAsnProLeuPheA 

601 ATACAACATCATCAATCATTTTGACAACCTGTATCCCAAGCAGCGGTCAT 650 
snThrThrSerSerllelleLeuThrThrCyslleProSerSerGlyHis 

651 TCAAGACACAGATATGCACTTATACCCATACCATTAGCAGTAATTACAAC 700 
SerArgHisArgTyrAlaLeuIleProIleProLeuAlaValIleThrTj o 

701 ATGTATTGTGCTGTATATGAATGGTATGTATGCTTTTTAAAACAAAATAG 750 

rCvsIleValLeuTyrMetAsnGlyMetTyrAlaPhe 
751 TTTGAAAACTTGCATTGTTTTCCAAAGGTCAGAAAATAGTTTAAGGATGA 800 
801 AAATAAAGTTTGAAATTTTAGACATTTGAAAAAAAAAAAAAAAAAAAAAA 850 

851 AAAAAGCGGCCGC 863 
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FIG. 4 
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12 111 

I III 
5 ' -atgaccatgattacgaattGCGGCCGCGGATTGGGATGTGAGGATCCCGGGAATT 

3 y * 5 * -CGGATTGGGATGTGAGGATC-3 NN-C 

+ + + +- - + 

S'-GCCTAACCCTACACTCCTAG-S' NN-A 
3 ' -tactggtactaatgcttaaCGCCGGCGCCTAACCCTACACTCCTAGGGCCCTTAA 

N S 
o a 
t c 
1 2 



Sites 



| pUC 1 



H 

S i 
a n 
c D 
1 3 



N S N 
o a h 
t c e 
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| / \ / / 



CGAGCTCAAGCTTTGAGATTGGTGGTTGGACCGCGGCCGCTagcttggcactggc-3 
5 • -CTTTGAGATTGGTGGTTGGA- 3 ' NN-D 

+ + + ;- + + + 

S'-GAAACTCTAACCACCAACCT-S' NN-B 
GCTCGAGTTCGAAACTCTAACCACCAACCTGGCGCCGGCGAtcgaaccgtgaccg-5 

S N 
a o 
c t 
2 1 
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FIG. 6 A 



COMPARISON OF HT16 AND P24 cDNAs 

M VAGS DA GRA LGVL 
HT16 CGACGAGCCATGGTTGCTGGGAGCGACGCGGGGCGGGCCCTGGGGGTCCT 50 

M I I Ml I I III II III I III I I III I IIIMIMI II I I II II I I I III en 

P24 CGACGAGCCATGGTTGCTGGGAGCGACGCGGGGCGGGCCCTGGGGGTCCT 50 

MVAGSDA GRALG VL 
SVVCLLHCFGFISCFSQ 
HTl 6 CAGCGTGGTCTGCCTGCTGCACTGCTTTGGTT.TCATCAGCTGTTTTTCCC 100 

| | I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I 
P24 CAGCGTGGTCTGCCTGCTGCACTGCTTTGGTTTCATCAGCTGTTTTTCCC 100 
S VVCLLH CF GFISCFSQ 
Q I YGVVYGNVTFHVPS 
HTl 6 AACAAATATATGGTGTTGTGTATGGGAATGTAACTTTCCATGTACCAAGC 150 

I I I 1 1 I I I I I I I I 1 I I I I I I 1 I I 1 I I 1 I I I 1 1 I I I I f I t 1 I I I I I I I I I f , Cft 
P24 AACAAATATATGGTGTTGTGTATGGGAATGTAACTTTCCATGTACCAAGC 150 

Q I YGVVY G NVT FHVPS 

NVPLKE VLWKKQKDKVA 

HTl 6 AATGTGCCTTTAAAAGAGGTCCTATGGAAAAAACAAAAGGATAAAGTTGC 200 

| M | I I I I I I I I I I I I I M I I I I I I I I I I I I I M I I I I I I I I I I I I II I I 
P24 AATGTGCCTTTAAAAGAGGTCCTATGGAAAAAACAAAAGGATAAAGTTGC 200 

NVPLKEVLW KKQKDKVA 
ELENSEFRAFSSFK NRV 
HTl 6 AGAACTGGAAAATTCTGAATTCAGAGCTTTCTCATCTTTTAAAAATAGGG 250 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 f 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 JL JLJL ^ cn 

P24 AGAACTGGAAAATTCTGAATTCAGAGCTTTCTCATCTTTTAAAAATAGGG 250 
ELENSEFRAFSSFKNRV 
Y L D T "V SGSLTIYNLTS 
HTl 6 TTTATTTAGACACTGTGTCAGGTAGCCTCACTATCTACAACTTAACATCA 300 

| I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I _ n 
P24 TTTATTTAGACACTGTGTCAGGTAGCCTCACTATCTACAACTTAACATCA 300 
YLDTVSGSLTIYNLTS 

SDEDEYEMESPNITDTM 
HTl 6 TCAGATGAAGATGAGTATGAAATGGAATCGCCAAATATTACTGATACCAT 350 

| | | | | 1 | | | | t t I I I I I I f I I I I t I I I I t I 1 I I I I I J I I I I I I I 1 I I I I I _ cn 
P24 TCAGATGAAGATGAGTATGAAATGGAATCGCCAAATATTACTGATACCAT 350 

SDEDE YEMESPNITDTM 

KFFLYVLE SLP SP TLTC 

HTl 6 GAAGTTCTTTCTTTATGTGCTTGAGTCTCTTCCATCTCCCACACTAACTT 400 

II 1 1 III MM II Mill II I Ml I Mil Mil III III INI Mil I II nn 

P24 GAAGTTCTTTCTTTATGTGCTTGAGTCTCTTCCATCTCCCACACTAACTT 400 
KFFLYVLESLPSPTLTC 
ALTNGSIEVQCMIPEH 
HTl 6 GTGCATTGACTAATGGAAGCATTGAAGTCCAATGCATGATACCAGAGCAT 450 

I M 1 1 1 f M M M 1 1 M 1 1 1 M 1 1 1 1 1 M 1 1 M II If 1 1 1 1 1 M If I M I ca 

P24 GTGCATTGACTAATGGAAGCATTGAAGTCCAATGCATGATACCAGAGCAT 450 
ALTNGSIEVQCMIPEH 
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FIG. 6B 



YNS HRGLIMYSWDCPME 
HT16 TACAACAGCCATGGAGGACTTATAATGTACTCATGGGATTGTCCTATGGA 500 

| | I | I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I II I II I I I I I I I I 
P24 TACAACAGCCATCGAGGACTTATAATGTACTCATGGGATTGTCCTATGGA 500 

Y NSHRGLIMYSWDCPME 

QCK RNSTS I YFKME NDL 

HT16 GCAATGTAAACGTAACTCAACCAGTATATATTTTAAGATGGAAAATGATC 550 

I I I I I I I II I I I I I II I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
P24 GCAATGTAAACGTAACTCAACCAGTATATATTTTAAGATGGAAAATGATC 5 50 
QCKRNSTSI Y FKMENDL 
PQKIQCTLSNPLFNTT 
HT16 TTCCACAAAAAATACAGTGTACTCTTAGCAATCCATTATTTAATACAACA 600 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
P24 TTCCACAAAAAATACAGTGTACTCTTAGCAATCCATTATTTAATACAACA 600 
PQKIQCTLSNPLFNTT 

SSIILTTCIPSSGHSRH 
HT16 TCATCAATCATTTTGACAACCTGTATCCCAAGCAGCGGTCATTCAAGACA 650 

I I I I I I I I I I I I I I I I I M I I I I I I I I I I I I I i I I I I I I I I I I I I I I I I I 
P24 TCATCAATCATTTTGACAACCTGTATCCCAAGCAGCGGTCATTCAAGACA 650 

SSIILTTCIPSSGHSRH 
RYALI PIPLAVITTCIV 
HT16 CAGATATGCACTTATACCCATACCATTAGCAGTAATTACAACATGTATTG 7 00 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
P24 CAGATATGCACTTATACCCATACCATTAGCAGTAATTACAACATGTATTG 7 00 

RYALIPIPLAVITTCIV 
LYMNGIL KCDRKPDRT 
HT16 TGCTGTATATGAATGGTATTCTGAAATGTGACAGAAAACCAGACAGAACC 7 50 

II I I II I I III I Ml MM I I I I Ml II III 

P24 TGCTGTATATGAATGGTATGTATGCTTTTTAAAACAAAATAGTTTGAAAA 750 

LYMNGMYAF 
N S N 

HT16 AACTCCAATTGATTGGTAACAGAAGATGAAGACAACAGCATAACTAAATT 800 

I II I I I II I I II II 

P24 CTTGCATTGTTTTCCAAAGGTCAGAAAATAGTTTAAGGATGAAAATAAAG 800 

HT16 ATTTTAAAAACTAAAAAGCCATCTGATTTCTCATTTGAGTATTACAATTT 850 

II II II I I I I I I M 

P24 TTTGAAATTTTAGACATTTGAAAAAAAAAAAAAAAAAAAAAAAAAAAGCG 850 
HT16 TTGAACAACTGTTGGAAATGTAACTTGAAGCAGCTGCTTTAAGAAGAAAT 900 
P24 GCCGC 900 

HT16 ACCCACTAACAAAGAACAAGCATTAGTTTTGGCTGTCATCAACTTATTAT 950 
HT16 ATGACTAGGTGCTTGCTTTTTTTGTCAGTAAATTGTTTTTACTGATGATG 1000 
HT16 TAGATACTTTTGTAAATAAATGTAAATATGTACACAAGTG 1040 
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